INTRODUCTION
============

Stroke is the third leading cause of death and the main cause of long-term disability in Western societies.[@B1] About 15 million people worldwide suffer from stroke annually.[@B2] The increasing longevity of the populations in developed countries will cause far-reaching socioeconomic and social problems and seriously affect their health-care systems. This will result in the burden of diseases with an age-dependent incidence increasing markedly over the next few decades worldwide. In the 27 European Union (EU) countries, the total annual cost of stroke was estimated to be €27 billion as at 2009,[@B3] with €18.5 billion (68.5%) for direct costs and €8.5 billion (31.5%) for indirect costs.[@B4] An additional €11.1 billion was estimated as the cost of informal care.[@B4] Including informal care in the total amount changes the percentage contributions of direct, indirect, and informal care costs to 48.6%, 22.3%, and 29.1%, respectively.[@B3] However, the cost per stroke patient in Austria is difficult to estimate. The following estimates are given in EURO purchasing power parity (PPP) which is an international measure to be able to compare economic data between countries by adjusting for the relative purchasing power in the respective countries. These estimates range from EUR PPP 9,634 in 2010[@B5] to EUR PPP 20,784 in 2004.[@B6]

Population projections predict a considerable increase in the older population throughout Europe. From 2012 to 2075 the number of residents older than 75 years will increase by 70%, 75%, 91%, 104%, 153%, 161%, and 162% in Germany, Spain, Italy, France, the UK, Denmark, and Austria, respectively.[@B7] The estimated population pyramids in Austria in 2012, 2050, and 2075 stratified by sex are illustrated in [Fig. 1](#F1){ref-type="fig"}.

The elderly population throughout the EU is predicted to increase by 103% overall.[@B7] This huge ageing of the population will have various consequences for the EU\'s health and social systems that must be addressed, especially for diseases with age-dependent incidence rates such as stroke.

Several studies have clearly demonstrated that the incidence of ischemic stroke increases with age: about 50% of strokes occur in people older than 70 years and nearly 25% of them are in people older than 85 years.[@B8][@B10][@B10] Combining the age dependency of stroke with the expected demographic developments stimulated us to formulate the following research question: \"How will the numbers of registered patients with ischemic stroke change within the next few decades, especially with respect to their sex and age?\" Hence, it is the aim of this study was to project the number of ischemic strokes recorded in the Austrian Stroke-Unit Registry from 2012 to 2075.

METHODS
=======

Two different data sources and one assumption were used to project the total numbers of patients with registered ischemic stroke into the next few decades. The information in these data sources is freely available in the public domain, and hence no informed consent, trial registration, or ethics committee approval was necessary.

Data sources
------------

Current demographic information on the number of Austrian inhabitants and population projections from 2012 to 2075 was obtained from EUROSTAT,[@B7] which is one of the Directorates-General of the European Commission. Lower and upper bounds for the projections were derived from three scenarios: 1) an ageing scenario that reflects low fertility, low immigration, and high life expectancy (lower bound), 2) the main (and most likely) scenario that reflects mean fertility, mean life expectancy, and mean immigration, and 3) the growth scenario that reflects high fertility, high life expectancy, and high immigration (upper bound).

Age- and sex-stratified incidence rates for ischemic stroke were obtained from the Austrian stroke register for 2012[@B11]
--------------------------------------------------------------------------------------------------------------------------

Our scenarios were based on the assumption that the incidence of ischemic stroke would remain constant over time, meaning that the analysis ignored factors that might increase or decrease the incidence, such as cardiovascular diseases, hypercholesterolemia, nicotine abuse, alcohol abuse, and malignant tumors. All estimations and projections were calculated for the ageing, main, and growth scenarios, and stratified by age (into 0--40, 40--50, 50--60, 60--70, 70--80, 80--90, and 90+ years) and sex.

RESULTS
=======

The population of Austria was 8.4 million in 2012, and this is estimated to increase to 8.0 million, 9.4 million, and 11.6 million in 2075 according to the ageing, main, and growth scenarios, respectively. The total number of registered ischemic strokes was 8,690 in 2012, and is expected to increase to 15,826, 15,626, or 18,134 in 2075 according to the three scenarios. [Fig. 2](#F2){ref-type="fig"} provides a detailed overview of the projected numbers of patients with ischemic stroke between 2012 and 2075.

Within different age strata, the corresponding number of patients are projected to increase or decrease as follows (100%=number of patients in 2012): 0--40 years, 100%/99% (males/females); 40--50 years, 83%/83%; 50--60 years, 98%/97%; 60--70 years, 126%/119%; 70--80 years, 159%/139%; 80--90 years, 307%/199%; and 90+ years: 894%/413%. A detailed overview of these changes is presented in [Table 1](#T1){ref-type="table"}.

DISCUSSION
==========

The total number of patients registered with ischemic stroke in Austria will increase to 180%, 208%, or 182% from 2012 to 2075 (100%=number of patients in 2012) according to the ageing, main, and growth scenarios, respectively; the corresponding value is 240%, 278%, or 250% in patients aged 80--90 years, and 537%, 683%, or 637% in patients aged 90+ years. These findings indicate that the perioperative costs associated with ischemic stroke due to co-morbidity, perioperative complications, and prolonged postoperative rehabilitation will increase markedly during the forthcoming decades.

The ageing population means that the patient capacity of hospitals and rehabilitation institutions will have to expand markedly or their admission strategies for patients will have to change over the coming decades. Since stroke is usually accompanied by long-term disability, the need for long life care will also increase along with the demand for places in care homes. Furthermore, evidence-based acute and postdischarge procedures are needed that aim at reducing the number of severely disabled stroke patients and eventually to further reduce costs. Such measures have already been studied in randomized controlled trials; for example, intravenous thrombolysis is highly efficacious as a treatment for acute ischemic stroke within the first 3 hours.[@B12] Furthermore, recently reported thrombectomy studies have confirmed the efficacy of neurointervention for recanalization in strokes caused by occlusion of the large cerebral arteries.[@B13][@B14] A broad availability of specialized stroke centers in Austria with full (\"24/7\") availability of neurointerventions will lessen the burden of ischemic stroke in Austria and help to reduce health-care expenditure.

The increasing number of patients with ischemic stroke will have a major economic burden and effects on health policies in Austria. The results of this study can be used to guide discussions aimed at estimating future costs in the Austrian health system for health-care professionals.

Strengths of this study
-----------------------

The strengths of this study can be summarized as follows:

\- This is the first study to estimate the number of patients with ischemic stroke in Austria during 2012--2075.

\- Our projections are based on a well-established stroke register using data collection and variables defined according to best-validated definitions. However, most previous studies are limited to patient recruitment from only one or a few hospitals, which may limit the ability to generalize their results to the national level.

\- Sensitivity analysis of the projections was performed to provide realistic lower and upper bounds for the projections.

Limitations of the study
------------------------

This study was subject to the following limitations:

\- Although the population projections are based on the official population projections of EUROSTAT, such projections are not 100% reliable.

\- We assumed that the incidence of stroke is stable over time, based on data from 2009, 2010, 2011, and 2012 indicating incidence rates of 0.09%, 0.11%, 0.11%, and 0.10%. However, it is possible that the 1-year stroke incidence will decrease or increase due to factors such as changes in certain risk factors such as smoking, cardiovascular diseases, hypercholesterolemia, nicotine abuse, alcohol abuse, and malignant tumors that can increase the incidence of stroke. Moreover, there are other factors such as primary prevention measures (e.g., adequate treatment of hypertension, atrial fibrillation, and hypercholesterolemia) and further risk-factor controls that can reduce the incidence of stroke.[@B15] Such a lowering trend has already been detected regarding patients with myocardial ischemia,[@B9] although analogous findings have not been reported regarding stroke prevalence.[@B10] It is for these reasons that we assumed that the incidence of stroke was stable over time.

Recommendations
---------------

Political action is required in light of the present high numbers and the expectation of greatly increasing numbers of patients with ischemic stroke. The funding of stroke research must be increased, and continued research into the cost of stroke and related diseases not included in the present study is also warranted.

The total number of registered ischemic strokes will dramatically increase within the next decades due to the ageing population in Austria. These changes will increase the burden on health-care systems. Improvements in effective primary prevention measures, evidence-based acute treatments including neurointervention methods, and postdischarge treatments can reduce the mortality and long-term disability rates associated with stroke and thereby lessen the social and health-care burdens of stroke in the future.
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![Projected numbers of patients with registered ischemic stroke in Austria between 2012 and 2075 stratified by age and sex. The ageing, main (most likely), and growth scenarios are based on population projections of EUROSTAT and the Austrian Stroke-Unit Registry. Main scenario: mean fertility, mean life expectancy, and mean immigration, middle lines; Growth scenatio: high fertility, high life expectancy, and high immigration, upper lines; Ageing scenario: low fertility, high life expectancy, and low immigration; lower lines.](jcn-12-441-g002){#F2}

###### Projected changes (percentage values, normalized to 100% in 2012) in ischemic strokes recorded in the Austrian Stroke-Unit Registry during 2012--2075 based on the main scenario of population growth
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  Sex      Year   Age (years)                                 
  -------- ------ ------------- ----- ----- ----- ----- ----- -----
  Male     2012   100           100   100   100   100   100   100
  Male     2020   101           083   116   117   113   128   175
  Male     2030   99            86    96    146   135   170   286
  Male     2040   98            86    100   124   173   222   408
  Male     2050   99            81    100   130   150   299   619
  Male     2060   100           83    96    131   161   274   884
  Male     2070   100           83    97    126   164   300   842
  Male     2075   100           83    98    126   159   307   894
  Female   2012   100           100   100   100   100   100   100
  Female   2020   100           84    116   115   111   104   133
  Female   2030   99            87    98    142   128   131   168
  Female   2040   97            86    100   121   159   160   226
  Female   2050   98            81    100   125   138   207   317
  Female   2060   99            82    95    124   144   185   430
  Female   2070   99            83    96    119   144   196   396
  Female   2075   99            83    97    119   139   199   413
